Abstract
Results
Of the 1,369 patients started DRTB treatment, 809 (59.1%) were multi-drug resistant (MDR-TB) and 418 (30.5%) were HIV-positive. HIV-positive patients were mainly from African countries (90.1%) while HIV-negative originated from Former Soviet Union (FSU) countries. Despite a higher case fatality rate (19.0% vs 9.4%), HIV-positive MDR-TB patients had a 10% higher success rate than HIV-negative patients (64.0% vs 53.2%, p = 0.007). No difference in treatment success was found among polydrug-resistant (PDR-TB) patients. Overall, lost to follow-up rate was much higher among HIV-negative (22.0% vs. 8.4%). Older age a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Introduction
Drug-resistant TB (DR-TB), especially multidrug-resistance TB (MDR-TB) is a major public health concern and an obstacle to control of TB over the world. There were an estimated 600 000 (range, 540 000-660 000) incident cases of MDR/RR-TB in 2016, with cases of MDR-TB accounting for 82% (490 000) of the total and MDR-TB represented 4.1% (95%CI 2.8-5.3%) of new TB cases and 19.0% (95%CI 9.8-27.0%) of previously treated cases. In the same year, 57% of notified TB patients had a documented HIV test result. In the WHO African Region, where the burden of HIV-associated TB is highest, 82% of TB patients had a documented HIV test result. A total of 476,774 TB cases among HIV-positive people were reported and of these, 85% were on antiretroviral therapy (ART). [1, 2] . Although DR-TB prevalence among HIV-infected patients is still not clearly documented, recent studies in high burden African regions show alarming levels of DR-TB [3, 4] . In addition, a recent meta-analysis of twenty four pooled studies has shown that the odds of having MDR-TB among HIV-positive patients is significantly higher by 24% [5] . This trend is also revealed in eastern and central Europe and central and in Swaziland by the Global TB program [6] . Another meta-analysis showed that the success rate among HIV co-infected patients similar to success rates reported among MDR-TB patients in general, regardless of HIV status [7] .
DR-TB treatment outcomes are still poor, particularly among MDR-TB with a treatment success rate of only 52% [1] . This proportion tends to be lower among African countries, where HIV prevalence is the highest. However, few data on DR-TB outcomes among HIV coinfected people is available despite the great public health importance. We have conducted a retrospective multicentric analysis of seven DR-TB programs supported by Médecins sans Frontières (MSF) between 2001 and 2015 to describe and compare treatment outcomes among HIV-positive and HIV-negative DR-TB patients and to identify predictors of unsuccessful outcomes among HIV-positive patients.
Methods

Study setting
We routinely collected data in DR-TB programs in seven countries: Abkhazia, Armenia, Colombia, Kenya, Kyrgyzstan, Swaziland and Uzbekistan. Four of these countries were considered high MDR-TB burden (Armenia, Georgia, Kyrgyzstan and Uzbekistan) with the proportion of MDR-TB amongst new TB cases ranging from 11.0% in Armenia to 32.0% in Kyrgyzstan, and amongst previously treated TB cases ranging from 33.0% in Georgia to 63.0% in Uzbekistan. The prevalence of HIV among adults ranged from an estimated 0.2% (0.1-0.2) in Uzbekistan to 28.8% (26.7-30.5) in Swaziland (S1 Table) [8] .
In these programs, patients received an individualized treatment regimen based on Drug Susceptibility Testing (DST) results. MDR-TB regimens included an injectable drug during the intensive phase (kanamycin or capreomycin), a fluoroquinolone throughout, and other WHO Group 4 second-line drugs (para-aminosalicylic acid, ethionamide or prothionamide, cycloserine) or Group 5 drugs (clofazimine, amoxicillin-clavulanate acid and/or clarithromycin). Patients with Isoniazid (H) resistance were treated with the combination of rifampicin (R), ethambutol (E) and pyrazinamide (Z) for 9 months with the possibility of the addition of a fluoroquinolone in patients with extensive disease. Patients with other polydrug-resistant (PDR) patterns (resistance to more than one first-line anti-TB drug, other than both isoniazid and rifampicin) received a regimen combining first line anti-tuberculosis drugs to which they were still susceptible plus a fluoroquinolone and an injectable during the first months of treatment for a total treatment duration of 12 to 18 months [9, 10] . The full course of treatment was administrated under direct observation six days a week and with socioeconomic and psychological support. DRTB treatment was provided either at a health facility or at home by a health care provider to facilitate the adherence to treatment after hospital discharge.
Study population and definitions
Databases were administratively censored in July 2015 for Abkhazia, Armenia, Colombia, Kenya, Kyrgyzstan and Swaziland, and in August 2013 for Uzbekistan. Patients were included in this study if they had a baseline DST confirming DR-TB, if they had a known HIV status and if they started on DRTB treatment at least 24 months before the closure date of the database to allow for DR-TB outcome assessment.
PDR-TB patients' resistance profile at baseline were defined as follow: H(S) for patients with resistant strain to isoniazid plus or minus resistance to streptomycin and susceptible to rifampicin; HE(S) for those with resistant strain to isoniazid and ethambutol and susceptible to rifampicin; R(E)(S) for those with resistant strain to rifampicin and susceptible to isoniazid. PDR-TB that could not be classified as one of these three categories were defined as "other PDRTB". MDR-TB patients' strain resistance profile at baseline were defined as follows: MDR with DST to second-line drugs not known; simple MDR (no resistance to ofloxacin and injectables); pre-XDR one injectable (resistance to either kanamycin or capreomycin and ofloxacin-susceptible); pre-XDR two injectables (resistance to kanamycin and capreomycin and ofloxacin-susceptible); pre-XDR ofloxacin (resistance to ofloxacin and susceptibility to both kanamycin and capreomycin); and XDR (resistance to ofloxacin and resistance to either kanamycin or capreomycin).
Treatment outcomes followed the 2008 WHO definition [9] : cured-treatment completion and at least five (three for PDR-TB) consecutive negative culture results during the final 12 months (6 months for PDR-TB) of treatment for MDR-TB failure-positive culture results in !2 of the five cultures recorded in the final 12 months or in any one of the final three cultures, or if a clinical decision was made to discontinue treatment early; treatment completed-if the definition of cured was not met due to lack of bacteriological results for MDR-TB and as at least one positive culture after 3 months of adapted regimen for PDR-TB; death; and loss to follow up-patient missed !2 consecutive months of treatment. Then, we defined a treatment outcome as successful if patient was cured or completed treatment, and unsuccessful if patient died, failed treatment or were lost to follow-up [9] .
Statistical analysis
Patients' characteristics at treatment initiation were stratified by HIV status and were summarized using frequencies and percentages for categorical variables, and median and interquartile range (IQR) for continuous variables. Treatment outcomes were stratified and compared by baseline resistant profiles and by HIV status. Comparisons were made using Chi-squared test for categorical variables and Wilcoxon rank-sum test for continuous variables.
Unsuccessful outcome rates, mortality and lost to follow-up rates were described using Kaplan-Meier estimates and compared with log-rank tests. Univariate and multivariate Cox proportional-hazards models were fitted to explore risk factors of treatment outcomes of DRTB HIV co-infected patients. The following covariates were included in the univariate analysis: program location, gender, age, being single, being ex-prisoner, being unemployed, contact with a MDR patient, body mass index (BMI), past history of anti-TB treatment, presence of cavities on chest X-ray, diabetes, sputum smear-microscopy result, DST profile at treatment initiation, HIV antiretroviral treatment (ART) and cotrimoxazole prophylaxis. Covariates of clinical interest and those associated with a p-value <0.4 in univariate analysis were included in the initial multivariate model; a manual backward stepwise approach was used to obtain the final multivariate model. Statistical significance (p-value < 0.05) was assessed with the likelihood-ratio test. Proportional-hazards assumption was checked by testing the Schoenfeld residuals. Sensitivity analysis excluding patients who were lost to followup was also carried out in order to check if the association between covariates and unfavorable outcome remained unchanged when patients who were lost to follow-up were excluded. Analyses were performed using Stata 13.1 software (Stata Corporation, College Station, Texas, USA).
Ethical approval
This research fulfilled the exemption criteria set by the Médecins Sans Frontières Ethics Review Board for a posteriori analyses of routinely collected clinical data and thus did not require MSF ERB review. All data were fully anonymized before data entry. It was conducted with permission from each medical director of each Médecins Sans Frontières section.
Results
Baseline characteristics of patients
A total 1,369 patients who started DRTB treatment from November 2006 to June 2013 were included in this study. Among them, 418 (30.5%) were positive for HIV and 809 (59.1%) were MDR-TB. The prevalence of HIV was 25.3% (108/426) among PDR-TB patients and 26.1% (211/809) among MDR-TB patients (p = 0.781). HIV-positive patients came mainly from African countries (90.1%) while HIV-negative originated from Former Soviet Union (FSU) countries. There were significantly more females and the median age was lower among HIV infected compared to HIV negative patients. HIV-positive patients were more likely to have been treated with first line antituberculosis drugs whereas HIV negative patients have been more exposed to second line drugs. MDR-TB contact history and presence of lung cavitations were more common among HIV negative patients. Both isoniazid monoresistance and Rifampicin resistance other than MDR-TB were more common among HIV-negative patients. No major differences were shown among MDR-TB patients. (Table 1) .
Cotrimoxazole prophylaxis was prescribed for 97.5% of co-infected patients. A total of 317 (75.8%) co-infected patients were started on ART: 238 (75.1%) in a median time of 7. 
Treatment outcomes
Despite a higher case fatality rate (19.0% vs 9.4%), HIV-positive MDR-TB patients had a 10% higher success rate than HIV-negative patients (64.0% vs 53.2%, p = 0.007), mostly explained by the very high lost to follow-up rate of HIV-negative patients (26.2%). In the group of PDR-TB patients, the difference of success rate seems to be more in favor of HIV-negative patients (76.7% vs 68.5%, p = 0.09) due to the large difference of case fatality between HIVpositive and negative patients (19.4% vs 2.8%). The lost to follow-up rates were two times lower among HIV-positive patients compared to HIV-negative both for PDR-TB and MDR-TB patients (Table 2) . Overall, the median time to death was 5.5 months [IQR 2.0-13.9] among HIV-negative and 3.8 months [IQR 1.8-6.8] among HIV-positive patients. At 2 and 6 months the cumulative probability of death was 6.5% (95% CI 4.5-9.3%) vs 1.8% (95% CI 1.1-2.9%) and 13.8% (95% CI 10.8-17.5%) vs 3.9% (95% CI 2.9-5.4%) for HIV-positive and negative patients, respectively (Fig 1A) . However, the lost to follow-up rate was much higher among HIV-negative patients (log-rank test: p<0.001, Fig 1B) .
Culture conversion at 2 months could be assessed in 798/951 (83.9%) of HIV-negative patients and 282/418 (67.5%) of HIV-positive patients. It was not different between the 2 groups: 286/798 (35.8%) for HIV-negative and 90/282 (31.9%) for HIV-positive patients, p = 0.234.
Risk factors for unsuccessful treatment outcomes for DRTB HIV-infected patients
A total of 134/418 (32.1%) DRTB HIV co-infected patients experienced an unsuccessful outcome, in a median time of 5.9 months [IQR 2.6-12.4] after DRTB treatment start. Kaplan-Meier estimates of unsuccessful outcome rates reached 8.8% (95%CI 6.5-12.0%), 17.0% (95%CI 13.7-20.9%) and 23.3% (95%CI 19.6-27.7%) after 3, 6 and 12 months respectively (Fig A in S1 File) .
Results of univariate and multivariate Cox model were presented in Table 3 . The final multivariate model showed that age ! 35 years old (aHR = 1.53, 95%CI 1.05-2.24, p = 0.027) and not receiving ART were the only factors independently associated with an unsuccessful outcome. Indeed, patients who received ART before initiation of DRTB treatment had 67% decreased risk of experiencing unsuccessful outcome (aHR = 0.33, 95% CI 0.19-0.56, p<0.001); and patients who received ART after initiation of DRTB treatment had 73% decreased risk of experiencing unsuccessful outcome (aHR = 0.27, 95% CI 0.14-0.53, p<0.001) compared with those who never received ART (Table 3 , Fig B in S1 File) .
Sensitivity analysis by excluding patients that were lost to follow-up (N = 35) showed similar results (ART before DRTB treatment vs. no ART, aHR = 0.28, 95%CI 0.16-0.50, p<0.001; ART after DRTB treatment vs. no ART, aHR = 0.17, 95%CI 0.08-0.37, p<0.001).
Although there is no difference in unsuccessful outcome rates between patients who interrupted DRTB treatment in first 3 months and those who didn't (HR = 1.83, 95% CI 0.88-3.79, p = 0.103), a higher proportion of patients who did not receive ART interrupted treatment in the first 3 months compared to those who received ART (36.6% vs. 1.3%, p<0.001).
Discussion
This study conducted among one of the largest cohorts of patients with DRTB shows that 30.5% of them were HIV-positive. The overall MDR-TB treatment success rate is 63.7% and is higher among HIV-positive patients, while no significant difference is shown according to HIV-status among PDR-TB patients. Older age and not receiving ART are the only factors associated with unfavorable treatment outcome among HIV-positive patients. In our cohort, the prevalence of HIV was the same among PDR-TB patients (25.3%) and among MDR-TB patients (26.1%). Most HIV-positive patients came from Swaziland where the HIV prevalence is particularly high (27.7%, 95%CI 26.7-28.6 in 2014) [2] . HIV-positive patients were younger, more females and had less chest cavities as compared to HIV-negative patients as previously shown [11, 12] . An incidence survey conducted in Swaziland has shown that the incidence of HIV was nearly twice as high in women as in men [13] . Patients included in this study are also more likely to present TB recurrence, which could potentially explain their higher exposure to previous first line anti-TB drugs [14] . Therefore, the socio-demographic characteristics of DR-TB HIV-positive patients in our cohort are very similar to what is generally observed among HIV-infected patients in sub-Saharan Africa. Treatment success rate in this cohort is higher than the 50% reported by WHO [1] . The higher success rate in HIV-positive patients are not consistent with what is usually observed in the TB drug susceptible population, where success rates are lower among HIV-positive due to higher death rate [15] . We also report a high case fatality rate among HIV-positive patients for both MDR and PDR-TB patients, likely to be attributable to HIV as already shown in previous studies [16] [17] [18] . Despite the higher proportion of rifampicin resistant PDR-TB among HIV-positive patients, the failure rate of PDR-TB treatment was similar between HIV-positive and negative patients. The absence of difference might be biased by the fact that there were more deaths occurring at an early stage in the group of HIV-positive patients. On the other hand, the failure rate of MDR-TB treatment was two folds lower in HIV-positive patients as compared to HIVnegative ones. Despite the absence of overall difference of resistance to 2 nd line anti-TB drugs between the two groups, there were more pre-XDR-TB patients with resistance to 2 injectables or fluoroquinolones and XDR-TB patients among HIV-negative patients (30.6%) compared to HIV-positive patients (21.0%). Patients with such resistance have an increased risk of failing MDR-TB treatment [19] [20] [21] [22] . Other factors such as the higher proportion of lung cavitation, exposure to 2 nd line anti-TB drugs, and diabetes could also explain the higher failure rate of HIV-negative patients [23] . Lastly, no difference in culture conversion at 2 month were found between HIV-positive and HIV-negative patients, but this absence of difference could also be explained by the higher rate of early death in HIV-positive patients. Despite a higher rate of deaths among HIV-positive patients, the lower rate of failures combined with the lower rate of lost to follow-up can explain the overall higher rate of treatment success among HIV-positive patients compared to HIV-negative patients. Several reasons could explain the difference of lost to follow-up rate between HIV-positive and HIV-negative patients in our cohort. Most HIV-positive patients are coming from Swaziland where the DR-TB program is decentralized improving access to treatment and treatment retention, compared to other programs in FSU countries where DR-TB treatment is more centralized [24] . Also, for patients receiving ART, one explanation could be that patients monitored at the same time for both HIV and TB treatments with scheduled clinic visit and ART refill might be less likely to be lost to follow-up [25] . The high rate of lost to follow-up among HIV-negative patients can be explained by the high proportion of resistance to injectable and fluoroquinolones resulting in poor treatment response and use of alternative 2 nd line drugs with very poor tolerability. Indeed, as shown in a previous study we carried out in Armenia, poor treatment tolerability and poor treatment response increased the risk of patients to stop their treatment [26, 27] . Additional factors such as alcohol consumption that is very high among patients from FSU countries have been identified as risk factors for being lost to follow-up in other studies [28, 29] . Among HIV-patients, those who did not received an ART before or at the start of DR-TB treatment were at higher risk of experiencing an unfavorable treatment outcome. This result, already shown, is not surprising since ART has clearly reduced morbidity and mortality of HIV-infected patients in high-, middle-and low-income countries [16, [30] [31] [32] . WHO recommends ART initiation together with cotrimoxazole prophylaxis as soon as possible for DR-TB patients since 2011 [10] . One third of the patients from our cohort were enrolled before 2011, which could explain the delayed ART initiation. However, almost all co-infected patients received cotrimoxazole prophylaxis. Despite the acceptable overall lost to follow-up rate below 10% of HIV-positive DR-TB patients, there was a higher proportion of patients who interrupted treatment in the first 3 months among patients not on ART. Adherence is a wellknown strong factor associated with DR-TB and HIV treatment success, and a lower adherence predict unsuccessful outcome [26, 33, 34] . Surprisingly, the profile of resistance at treatment start was not associated with DR-TB treatment outcomes among HIV-positive patients, while MDR-TB patients are expected to have worse outcomes than other DR-TB patients [21] . However, there is little data on treatment outcome of PDR-TB patients to illustrate this. Also the resistance profile of PDR-TB and MDR-TB was not so different because most PDR-TB patients were resistant to HE(S) and R(E)(S), and MDR-TB were mainly simple MDR without 2 nd line anti-TB drug resistance.
This study has several limitations. First, it was a retrospective study carried out on routinely collected data in programmatic conditions, hence to missing data. Indeed, DST results to second-line drugs were missing for an important proportion of MDR-TB patients. HIV-related data like CD4 cell count was missing, and this increases the difficulty to interpret treatment outcomes among HIV-positive patients. Adherence data to both DR-TB and HIV drugs were not available, thus we have used a proxy of adherence to DR-TB treatment represented by the presence of an interruption due to patient decision in the first three months of treatment. It could have been interesting to distinguish H(S) from the other PDR-TB profiles in the model to explore potential differences in successful rate, but this could not have been done due to the low sample size. Finally, most of HIV-infected patients came from Sub-Saharan Africa which could limit the generalizability of our results to other regions.
In conclusion, as shown for HIV-negative patients, success rate of DR-TB HIV-positive patients remains low and requires more effective DR-TB regimen using new drugs also suitable to HIV-infected patients on ART [35, 36] . More data are needed on the safety and interaction of the bedaquiline and delamanid new anti-TB drugs with the antiretroviral drugs [37] [38] [39] [40] [41] . The study also confirms the importance of ART to improve treatment outcomes of DRTB HIV co-infected patients [14] . 
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